Evidence accumulated since 1945 raises the possibility that an essential component of hereditary determinants of all bacterial species may be highly specific desoxyribonucleic acids (DNAs). In Diplococcus pneumoniae (1) and Hemophilus influenzae (2) the data suggest that a highly purified DNA functions as the dynamic component of the hereditary determinant which requires a substrate in the recipient cell for expression of the new trait induced. This paper presents evidence that the inheritance of another bacterial family, Neisseriaceae, may be directed by a similar mechanism. The nature of the process which changes inheritance in this family has been shown to be comparable to that which occurs in transformation of H. inJluenzae. On the other hand, it is quite unlike the process responsible for induction of a new type in pneumococcus populations, in which a complex environment and a period for sensitization of the cells are said to be essential for action of the desoxyribonucleie acid (3). In Neisseria meningilidis populations, as in those of //. influenzae, the reaction needed for a change in inheritance is virtually instantaneous, requiring less than 15 minutes.
TRANS]~ORMATION O~ TYPE SPECIFICITY OF MENINGOCOCCI
added CO~. The heavy growth was removed by washing with 3 cc. of neopeptone broth, and 1 cc. of the resulting suspension was seeded on the surface of 3 per cent horse blood agar. This procedure was repeated using in sequence 2 per cent, 1 per cent horse blood agar and plain (Difco proteose No. 3) agar without blood. Cultures which finally grew well on plain agar were subcultured on this medium several times and then seeded on Mueller and Hinton medium (phenol red omitted) (4) to examine for evidence of iridescent colonies. Only organisms lacking signs of type specificity were used in the transformation experiments with R strains. The RIIa strain was obtained by a similar procedure from type-specific SIIa cells.
While the R strains used in the experiments described were isolated by the above technique attempts to derive R ceUs from other type-specific strains have required a much longer time and more subcultures, for example over 40, instead of 5.
Antisora.--The type I-and type IIa-specific antisera were produced in rabbits by a procedure which did not differ essentially from that described for H. influotz~ (5) . The vaccines used were grown on 4 per cent blood agar (Difco proteose No. 3) for 18 hours and contained approximately 500,000,000 organisms per ml. (colony count). A satisfactory antiserum was usually produced after a 2 month period of immunization. The identification of an induced change in the type-specific trait with these antisera was checked by type-specific diagnostic antisera produced by the New York State Department of Health.
Polyvalent R antiserum was produced by a comparable procedure in rabbits with combined RI and RIIa cells in equal quantities as an antigen. The bacterial suspensions used as antigens were grown on plain agar (proteose Difco No. 3). A 2 month immunization period was usually sufficient to produce an anti-R serum which agglutinated and sedimented both RI and RIIa cells.
Transforming Agent.--In all experiments to be described a relatively crude DNA-containing extract has been used for transformation. The method of isolation of the transforming agent is in principle the one reported by Avery, MacLeod, and McCarty (1) for pneumococcus with the modification used for H. influenzae (2 a). For the production of the transforming agent from either type I or type IIa meningococci, 1 ml. of an 18 hour blood broth culture is seeded in 60 cc. of Levinthal broth (6) and incubated for 6 hours at 37°C. in an atmosphere containing added CO2; 1 ml. quantities are then inoculated on the surface of 4 per cent blood agar in each of 50 Petri dishes. After incubation in an aerobic atmosphere for 18 hours the growth is removed from the 50 plates by washing each with 3.5 ml. of cold 0.1 g NaCI containing 0.1 ~t sodium citrate. The pooled suspensions collected from the growth on the 50 Petri dishes are centrifuged in the cold, washed once with 0.1 ~s sodium citrate in 0.1 M saline, and resuspended in a total volume of 90 cc. of the citrated saline. To the 90 cc. volume of cell suspension 0.85 ml. of 10 per cent sodium desoxycholate is added and the mixture allowed to stand at room' temperature for 30 minutes, then heated at 60°C. for 15 minutes, and finally incubated at 37°C. for 18 hours.
Meningococci are more resistant to lysis than are either pneumococci or H. influenzae. A process which is sufficient to lyse virtually all the latter cells in 30 minutes scarcely changes the microscopic appearance of Gram-stained meningococci. We found that heating to 60°C. for 15 minutes after the addition of desoxycholate, followed by an additional incubation for 18 hours, yields an increase in cell lysis as judged by microscopic appearance of Gram-stained smears of the cells and by increase in viscosity of the treated suspension. The crude DNA extract was obtained from the disrupted cells by a process which is in principle the same as the one described for pneumococci (I).
Environment for Tr¢nsformation.--The following environment was used throughout the experiments on transformation which occurred during growth: Levinthal broth 2 ml. containing 5 per cent homologous meningococcus antibody as a selective agent and transforming agent 0.1 ml. of a 1:10 dilution.
Diagnosis of Change in
Inheritance.--Two criteria have been used as routine as evidence of change in inheritance of type specificity.
(a) Change from a non-iridescent colony to one exhibiting iridescence on Mueller-Hinton medium (phenol red omitted).
(b) Demonstration of swelling of the capsules in the presence of type-specific antibody corresponding to the type of cells supplying the DNA extract. The procedure used for detection of type specificity by capsular swelling is the one in general use for typing pneumococci by the Neufeld reaction.
To examine for iridescence of the changed members in a population, a sector of MuellerHinton agar in a Petri dish is seeded with 2 mm. loopful of a broth culture by a technic which provides isolated colonies. A period of 16 to 18 hours' incubation is optimal for demonstration of iridescence of colonies of type-specific cells. With continued incubation the iridescence disappears. A large inoculum, 0.3 ml. of broth culture, yields confluent iridescent growth in 5 to 6 hours. The capacity to show iridescence on Mueller-Hinton medium was found to be characteristic of type-specific encapsulated strains of both type I and type IIa meningococci. A strict correlation was found between type specificity as judged by capsular swelling and iridescence. This criterion proved to be a useful index of induction of change from R to S cells.
EXPERIMENTAL
Type I specificity has been induced in RIIa meningococcus cells (originally derived from type IIa but lacking in all signs of type specificity) and in type IIa cells exhibiting all signs of type specificity, by exposure to DNA-containing extracts isolated from type I cells. Type IIa has been induced in homologous R cells, RIIa. These changes in inheritance have been induced (a) by exposure to the DNA extract during growth of the recipient cells and (b) by exposure of susceptible cells to DNA extract for 15 minutes, with subsequent destruction of DNA by the addition of crystalline desoxyribonuclease (DNase).
The criteria used for demonstration of change in type are as follows. Type I and type IIa cells are identified by their production of a type-specific substance (7) (8) (9) . The production of each type-specific substance can be identified by swelling of the capsule of the organism or by precipitation of the soluble substance in the presence of the type-specific antibody. A new sign characteristic of encapsulated or type-specific cells has been used to demonstrate the change from R to S cells of any type. Colonies of S meningococcus cells on the surface of Mueller-Hinton agar when viewed in obliquely transmitted light exhibit an iridescent quality; this quality is not shown by colonies of R cells.
Transformation during Growth
The population sizes of RIIa cells listed in Table I were exposed to the DNAcontaining extract isolated from type I, during growth in Levinthal broth for the periods indicated, anti-R antiserum having been added as a selective agent. After growth for 18, 24, and 48 hours the cultures were examined for capsular swelling by type I meningococcus antibody and seeded on the surface of Mueller-Hinton agar to determine whether the growth exhibited an iridescent quality. A strict correlation between the results of the two methods for de-tecting type specificity is seen. As was found in comparable studies of H. influenzae, not all R cells constituting a random sample of meningococci are susceptible; i.e., capable of being transformed into type-specific units. But in the course of growth, susceptible cells appear. Small populations, even an initial inoculum of 200 cells, give rise to cells susceptible to change within a growth period of 18 hours. Even 2 cells gave rise, after 48 hours' growth to populations, in 2 out of 3 samples, which showed induction of type I specificity. The experimental data listed in Table I are representative of a number of experiments, 
Transformation of Initially Susceptible Cells
The data outlined in Tables IV to VI are results of experiments designed for two purposes: (a) to determine whether the process leading to the genetic change in meningococci which results in a new type specificity and presumably virulence, is virtually instantaneous as has been shown in H. influenzae transformation and (b) to study the relation of population size to the occurrence of initially susceptible cells in order to judge how large a proportion of the total number of cells exposed to the DNA-containing extracts is susceptible to the changes. Table IV shows the results of an experiment on induction of type I trait in RIIa cells. Plain neopeptone broth 1.3 ml. was seeded with 0.4 ml. of a 6 hour Levinthal broth culture and 0.1 ml. of 1:10 dilution of DNA-containing extract was added; this mixture contained 10,000,000 live organisms per ml. After a 15 minute exposure of the organisms to this environment, crystalline DNase was added; a 10 minute interval was permitted for action of the enzyme on the DNA. For examination of induction of type I the resultant suspension after dilution was seeded in the population sizes listed into Levinthal broth with 5 per cent antibody of type homologous with recipient cells. The concentration of DNase used destroys the transforming activity of the DNA extract in less than 5 minutes. Therefore, any new susceptible cells appearing during growth after this period of 15 minutes, allowed for action of the DNA extract, could not be transformed since biologically active DNA is not present. The varying populations of the treated cell suspensions are incubated and tested at 18, 24, and 48 hours by two methods which examine for presence of type I meningococci; capsular swelling in the presence of type I diagnostic antiserum and growth of iridescent colonies, the cells of which exhibit type I traits. Any tubes showing type I ceils after incubation must have come from initially susceptible cells, and not from susceptible cells appearing during subsequent growth. Transformation to type I has occurred in all 5 samples seeded with 1,000,000 as well as with I00,000 cells, and also in 2 of the 5 with I0,000 cells; but no type I cells could be demonstrated in any of the 5 which initially con-tained only 1,000 cells. Therefore, on the average only 1 cell in over 10,000 cells is initially susceptible to induction of type I specificity by DNA-containing extracts from type I meningococcus cells under these circumstances. The controls, the same population sizes grown in the same environment as the test but in the absence of DNA, show no transformation, whereas those grown in the presence of DNA extracts without the addition of the enzyme, DNase, show that susceptible cells arise during growth in all of the samples, even in those which started with only 1,000 cells. On Mueller and Hinton medium.
When type I trait is induced in SIIa cells, it is again seen (Table V) that the populations of cells which are needed to insure the initial presence of susceptible cells are larger than those which suffice if exposure to the DNA extract continues during growth. The suggestion of a lower frequency of initially susceptible cells in SIIa populations than in RIIa may be more apparent than real; variation may be found when the same strain of cells is used on different occasions. Another factor may also have played a part; the selective antiserum used was less efficient in sedimentation of the unchanged cells and therefore made detection of type I cells more difficult.
In Table VI it is seen that type IIa can be regularly induced in less than 15 minutes in populations of only 5,000 cells of RIIa.
In all of these changes induced by DNA extracts (Tables IV to VI) the essential process occurs within 15 minutes, since destruction of the DNA at that time, or at least its being made unavailable, does not prevent transformation. In each reaction (Tables IV to VI) it is also apparent that only a minute proportion--of the order of 0.02 to 0.004 per cent---of the total cells exposed are susceptible to change in inheritance.
Each new type-specific trait which has been introduced by exposure to DNA extract from cells of the type desired, has been demonstrated to be inherited by the progeny of ten subcultures, each starting with a single colony.
DISCUSSION
The induction of meningococcus type I specificity in both R and SIIa cells with predictable regularity suggests a number of questions. The epidemic occurrence characteristic of type I meningococcus infections raises the possibility that transformation phenomena may play an important role in nature by changing the inheritance of the large reservoir of non-classifiable Neisseria found in the human nasopharynx. Although no evidence is available at present, viruses or other varieties of bacteria might be contributors of the hypothetical appropriate inducing agent needed for production of type I cells. Type Lspecific equipment, closely correlated with potential virulence in human infections, can be induced by a DNA extract from type I cells within a period of less than 15 minutes. The immediate reaction occurs in a relatively simple environment of plain broth media. Large populations must be exposed in order to demonstrate the rapidity of action of DNA since only a minute proportion of the total cells treated are susceptible to the change. However, non-classifiable Neisseria are often present in great numbers in the human nasopharynx.
The action of the DNA extracts which changes the type-specific equipment apparently represents an alteration of an hereditary determinant, since the induced traits are inherited. DNA has been shown to be an essential component of the transforming extract.
Two important questions cannot be answered at present but are under investigation: (a) Are the non-classifiable Neisseria, found so frequently in the human nasopharynx, susceptible to in vitro induction of type-specific traits? (b) Are the artificially produced type I cells potentially virulent? Satisfactory tools are available for answering the first question. The second may prove to be much more difficult since the only extensively used method for assessing virulence, the intraperitoneal introduction of mucin suspensions in mice, may not actually be a reliable gauge of human reaction to a specific infection.
It is of great interest that heritable type IIa specificity has been induced with predictable regularity in RIIa cells. Menzel and Rake (9) report that type specificity of some group II strains is dependent upon a protein-carbohydrate-polypeptide complex. The nature of the substance responsible for specificity of the induced type IIa merits investigation.
SUXCXcARy
Heritable type-specific traits have been induced in meningococcus populations by exposure to desoxyribonucleic acid (DNA)-containing extracts derived from meningococcus cells of the type desired. The DNA has been shown to be an essential component of the transforming extract.
As in the H. in.lluenzae system, the reaction between the susceptible cell and the DNA responsible for the heritable change requires less than 15 minutes. Only a minute proportion of the total cells exposed to the DNA extracts for a short time are susceptible to the change; but in the growth and reproduction of bacteria susceptible cells appear with fairly predictable frequency.
Type I specific traits have been induced in populations of RIIa and SIIa cells.
Type IIa specificity has been induced in RIIa cells.
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